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A bstract : In the present paper, we develop a simple method to investigate the thermal 
expansion coefficient of sixteen NaCI type alkali halide crystals as a function of temperature 
starting from room temperature upto ne^ly the melting temperature A simple formula is denved 
by assuming that the Anderson parameter remains constant under the effect of high temperature 
An isobaric equation of state based on the quantum mechanical Harrison's overlap repulsive 
potential is used to estimate the values of interatomic separations corresponding to different 
temperatures. The results are compared with the available cxpenmental data and are discussed in 
the light of recent research in the field of high temperature physics A rather fast increase in the 
thermal expansion coefficient with temperature as consi.stent with physical grounds is obtained.
K eyw ords : Alkali halide crystals, thennal expansivity, interatomic separation 
PACS No. : 6!S7()+y
1 . Introduction
Various efforts have been made to study the thennal expansion of ionic solids 11-6]. Among 
the several available experimental data, only three have been employed [7-9], to detcnnine 
and discuss the temperature dependence of volume thermal expansion coefficient (a). 
Spet/.ler eral [7] have determined the thermal expansion data for NaCl by evaluating the 
ullrasonic frequencies as a function of lemp»eralure and pressure. The random errors were 
corrected by fitting the data with a polynomial expression in temperature and pressure. 
Srivastava and Merchant (henceforth to be referred as SM) [8] investigated the thermal 
expansion through the equation of state by measuring the lattice parameters for nine alkali 
halides with NaCl structure from room temperature to nearly melting temperature using X-ray 
diffraciomeiric technique. A quadratic equation with least square error approximation was 
fitted to the lattice parameter versus temperature data. Boyer [9] has analysed the thermal
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expansion data of several workers and has shown that the best fit with the higher temperature 
data is obtained through an equation of the fonn
a { T )  = a { T ^ )  -  a , ( T ^  -
where aj is a positive constant, is a critical temperature assumed to be equal to or close to 
the melting temperature , and a (T) \s the linear dimension of the crystal at temperature T 
These methods have been analysed critically by Dhoble and Vcima flO] for the calculation ul 
temperature dependence of a  . It should be pointed out that both Spctzler et al (at zero 
pressure) and SM have fitted their thermal expansion data by a quadratic function of 
temperature. It is obvious that a quadratic expression for temperature with lattice parameter 
will give a linear variation of a  with temperature. It is however , an acceptable fact on the 
physical ground that a  must become rather large (a  —» asT —^ T„) as discussed in detail 
by Shanker and Kumar [11 ]. Therefore, the slow variation of a  reported by t^e authors [7,S| 
needs further investigation.
On the basis of thermodynamic analysis [ 12], a  can be related to the density of cr) su! 
assuming that the isothermal Anderson parameter is independent of temperature. A number o! 
experimental results have demonstrated the validity of this assumption as discussed m dctan 
by Anderson and coworkers [12,13]. The purpose of the present work is to demonsiralc llui 
this assumption leads to a simple relation for determining the variation of thermal expansion 
coefficient with temperature. It is further shown that the results obtained from the relaiion 
thus derived, are more consistent with the physical grounds [11]. THb calculations lequiie ihi' 
interatomic separations as a function of temperature which arc obtained from isobaric cquaiion 
of state based on the quantum-mechanical Harrison s overlap repulsive potential, as rcceniU 
developed by Sherry and Kumar (141. The method of analysis is described m Section 2 
Results are discussed and compared with the available experimental data in Section 3
2 . Method of analysis
A useful quantity for the discussion of anharmonic properties of solids is the Anderson 
parameter which is defined as [15,16].
5, = -_L _fel
o cB rld T  J ,
(h
where.
\ [ d v ]
is the coefficient of thermal expansion and
'  ■ - l a
(3)
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IS the isothermal bulk modulus. The well known Maxwell thermodynamic identity is,
f  [^ ]  •L Jr L Jr
Using cqs. (1). (3) and (4) wc gel
^ = S  —  
a  “  ^ V ■
Integration of cq. (5) gives the following result
a
- l ^ r
v^o ' "
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where and V'o ^be thermal expansion coefficient and volume referred to room 
icmpcraiurc and atmospheric pressure (P = 0). For the solids with NaCl-type structure, 
V where r is the interatomic separation. Thus, eq. (6) can be rewritten as
a ?>5j. (7)
l( Ikis been shown by Anderson and coworkers 112,13,15,17] that is independent of 
icmperaturc. Anderson [12] presented the derivation of (6) in a slightly different form. He 
sUirial with a thermodynamic identity given by (4) hut changed the variable from P to V, 
Insulting an equation which is equivalent to (5). It should be mentioned that Dass and 
Kuman (1K] have also derived a relation similar to that of (6) [See cq. (1 I) of their paper] and 
showed that their formula is similar to that given by Anderson [15|. However, they have used 
some additional assumptions. Moreover, the final fonnula reported by Dass and Kumari [18] 
contains an error regarding the power of ( WK„) which should be 5 j  in the place of \!5j. We 
make use of eq. (7) to calculate the values of a  at different temperatures. For this purpose, 
need ihe values of r at different temperatures, which are evaluated using the equation of 
slate given below [14]
P = - —  + ToBj . 
dV  ^
hor solids of NaCI type structure V = 2r^ and therefore wc can rewrite cq. (8) as follows : 
1 dWP =
6r^ dr
+ T (X By
(8)
P)
'^ hcrc W is the crystal lattice energy and T is the temperature. At atmospheric pressure 
= d) we obtain from eq. (9)
T = dW
tr^aB j dr
(10)
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Eq. (10) has been used to calculate temperatures corresponding to different values of r by 
adopting some potential energy expression for W and assuming that the product {aBj) 
remains unchanged under the effect of high temperature [ 1 1,14J. For an ionic solid* the lattice 
potential energy W can be written as follows [14] :
IV = - C D
r 6r 8r rep ( I I )
where the first term of the right hand side is the Coulomb energy with as Madelung’s 
constant. The second and third terms are the vdW energies with C and D as dipole-dipole and 
dip)olc-quadrupole coefficients which are evaluated using Kirkwood-Muller formulae as 
discussed by Shanker and Agrawal [19j. is the overlap repulsive energy considered 
between nearest neighbours and next nearest neighbours. Using Harrison’s potential form, 
we can write [11]
Wrep exp [-kfir) + V2 /Ij'r exp(--\/2  ^
+ V2//2 r exp (-V 2 ( 12)
where 7\ is Planck’s constant divided by In  and m the mass of electron. ]I is the arithmatic 
average of/ii and cation and anion, respectively. Values of and ^2 can be calculated 
by the relation [11 ]
2me^
M, = -■ (13)
where ^ is the valence state energy. The potential parameters and k have been calculated 
using the following relations
f - 1  = 0.dr Lr„
dr
(14)
(15)
where B j is the isothermal bulk modulus and is the value of raLiT= OK. The potential 
parameters thus calculated arc considered to be independent of temperature. Using these 
parameters we have calculated the values of dWldr at different values of r, and corresponding 
temperature is evaluated from eq. (10). Thus, we have performed the calculations of r versus 
T such that the maximum temperature achieved is less than the melting temperature in each 
case. Using these values of r at different T we have evaluated a  from eq. (7). The
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experimental values of derived from thermoelastic data [20] are given in Table 1, 
alongwith the values of a„ and r„. The results thus obtained are given in Table 2.
Table 1. Values of input parameter 110, 20].
Crystal
LiF
LiO
UBr
U1
NaF
NaO
NaBr
Nal
KF
KCl
KBr
Kl
RbF
R b a
RbBr
Rbl
CHjdO i^r*) o(A)
0.999
1.32
1.50
1.80
0. 96 
1.19 
1.26 
1.37
1. p2 
1.11 
1.16
1.23 
0 94 
1.03 
1.08
1.23
2.013
2.570
2.751
3.006
2.317
2.820
2.989
3.236
2 674 
3.146 
3.300 
3.533 
2.826
3 291 
3.445 
3 671
6.00
6.77 
7 01 
7 32
5.77 
5 85 
6.23 
6.43 
6.20 
6.22 
5.88
5 76 
6.80
6 76 
6.60 
6.52
3. Results and discussions
We have thus estimated the temperature dependence of a  from room temperature upto the 
temperature approaching the melting point such that the last temperature entered is less than 
the melting temperature. The calculations of a  performed in the present work are based on the 
assumption that Sj- is independent of T. It should be mentioned that Dhoble and Verma [10] 
studied the case of only NaCl at 300 K, 550 K and 800 K and predicted a slight variation of 
&r with temperature. However, a recent detailed analysis performed by Anderson and 
coworkers [17,21,22] demonstrates that Sf is very nearly independent of T above Debye 
temperature 6 but not below Q. Since for the solids considered in present work, the room 
temperature is above 0, we can therefore safely use this approximation. Boehler et al [23] and 
Chopelas [24] also demonstrated that Sp is independent of V for several important minirals. 
Chopelas and Boehlar [25] demonstrated the validity of this approximation for alkali metals. 
Thus approximation ' 5j-independent of T  used in the present work, is not new but already 
used by several investigations.
The results obtained in the present study are compared with the available experimental 
data of SM [8], It is seen from Table 2 that the rate of variation of a  with T  predicted from
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both the studies differ appreciably from eachother. The increase of a  with temperature 
predicted in the present study is, in general, significantly more rapid than that reported by 
SM. Dhoble and Verrtia [10] made a critical analysis of the results reported by SM and found 
some remarkable inconsistencies in their data. They concluded that a  should increase more 
rapidly with temperature as compared to the variation shown by the results due to SM. This 
conclusion has also been supported by the work of Boyer [9] on thermal expansion of NaCI 
Studies on melting as reviewed by Shanker and Kumar [I I] have also revealed that rrmust 
increase rapidly tending towards «  as the melting temperature is approached. An interesting 
feature of the results obtained in present study is that orcalculated at a temperature dose to the 
melting temperature is found nearly double to that the room temperature value of a. Thus, the 
pre.sent conclusions are in good agreement with the recent research in the high temperature 
physics and the theories of melting [II]-
\
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